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Effect of organic carbon source on granulation of anaerobic
ammonia oxidation sludge
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Abstract; The effect of organic carbon source on the granulation of anaerobic ammonium oxidation ( Anammox )
sludge was tested in two parallel SBRs by gradually increasing the concentration of organic carbon source (R1) and
by adding no organic carbon ( R2). Results showed that appropriate concentration of organic carbon source
(<130 mg/L) increased the amount of extracellular polymer ( EPS) in the reactor and consequently accelerated
the formation of granular sludge and enhanced sludge settling performance. Sludge in the two groups was granulated
at 28 and 35 days and the particle sizes were 450 wm and 409 um, respectively. However, excessive organic
carbon sources (> 230 mg/L) disintegrated sludge, reduced particle size, and worsened sludge settling
performance significantly. Organic carbon source with a concentration lower than 110 mg/L promoted the anaerobic
ammonia oxidation by denitrification, thereby improving N-removal efficiency. In contrast, when the concentration
of organic carbon source was higher than 110 mg/L, anaerobic ammonia oxidation was inhibited and N-removal
efficiency was decreased. Therefore, the concentration of organic carbon source should be equal to or lower than
110 mg/L during the operation of Anammox reactor.
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1.1 XWEE

SR P 41 A HLBEES SBR, 405108 R1.R2, 4
A4 L, 35 em, AR 13 em. 76N #SEE BT 1]
BB —HEEEE R 5 em BYHUEE A HAHRK R,
N f 2 B AT BEFEAL, TR K IR A 350, B P L
150 r/min. R A NFEREA pH JREEFEL IR k.
1.2 TWKEETR

DL RN S )N R =R - TN R A I B GR R A

HYRE 2 000 mg/L, 7354 A R1 #l R2. #EACRHIA
TTECK H RTINS BBV A BLBR R, 23531 A
(NH,), SO, .NaNO, il NaHCO, {4 NH,*-N \NO, -N
FIBRE (R TR, 8 3R 1T VE A e R,
EIFW 1 AU$E EDTA 5 000 mg/L F1 FeSO, 5 000 mg/L.
EHFW I ALHF EDTA 15 000 me/L. ZnSO, - 7H, O
430 mg/L.CoCl, + 6H,0 240 mg/L MnCl, - 4H,0
990 mg/L. CuSO, - 5H, 0 250 mg/L. Na, MoO, -
2H,0 220 mg/L NiCl, - 6H,0 190 mg/L Na,SeO, -
10H,0 210 mg/L 1 H,BO, 14 mg/L. Ft/K o 57 finid
It Na, SO, i CoCl, FH LAFE il 5250 b T IR S 5% A4
. S HAOK BT IR 1.
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Tab.1 Characters of water for experiment
KIE p (NH,*-N)/ p(NO, -N)/ & (Lh CaCO,43t) / MgSO, « 5H,0/ CaCl,/ KH,PO,/ EFKI1/ EFEI/
fwbr (mg-L7) (mge L) (mg- L") (mg-L7")  (mg-L7") (mg-L7") (mL-L7)  (mL-L7")
Bl 80 80 1 800 80 40 40 1 1

1.3 EWHE

fiﬂj%%@ﬁ@%ﬁﬂ(m&( 15 min) N B B
(5 I ) AR B ] A 5 36 45 SR8 5 ) | 0 UE N [
(30 min—20 min—15 min—>5 min—3 min) CHEK
(3 min). WREEERITE 25 C LA, pH 7.6 247, 4
JKEE 2/3. R1BSINA HLBR IR , 9046 A DL ot vk
4 50 mg/L, 5 JH 314 20 me/L; R2 NG ANA ALk
U5, WA B i 1) oAt E 7K 25 F AR TR). XS BE R, R2
TETERORTY U AR O RSUR 1 25 5
1.4 W B RS %

NH, " =N 44 G357 70 L6 B vL ; NO,” - N: N -
(1-FEE) - L e WL NO, -N 5ok
6 ¥ B 42 . Mastersize2000 5 380 567 B AU 58
MLSS . HE & % pH, T: WTW 7E £l % 1% ; EPS
PS: KM~ B L (125 s PN . 2% Eh i 52 1 s EPS 142
WO LN BB AR S AR T 10 mL .04,
i N HEOHLLL 8 000 r/min B> 15 min, {45 [
T, INAGE SRR Eh 22 vh s i, B T e Re 22 J5A R
L, 5B Ve FE U5 B AR BE 3 min , 245 80 CIK
1 30 min( £:FE 10 min ZA K RES 1 IR) &5 H
ELOHL 8 000 r/min B> 15 min, B EVE RN 2 £
R B, FIARTE IR AE MLSS.

JS 0 3 AR AR S« S50 10 18] 4 i) ARG G5 AT 1Y
R1 Al R2 s B 1 L JR7KIR B, TOA 2 S AH W)
AR BEHLAAEFE. 23 53 I € Anammox Sz ¥ 3
AR B R, R R AE AnAOB A i 1k
BRI AnAOB 1Y i M LA K S Al A4 T 1) 17 .
M5E 2 Fhid A BRI EE X0 25 °C,pH 25 7.6
Zidi. M XE Anammox ¥R B 7K BE W fiF R 18

(45.5 mg/L) 5 A (34.5 mg/L) , &f& 1 h Bk
I 2 A RS R R R R AR A, o ok h = U
TR BN AR AR A A5 1k S . I SR Ak S
AR, 7K R AE R ER 2 (80 mg/L) F1 COD ( Fifi
KON B BEATR]) 40 1 h B K & WA R Eh AL,
o K TR U Jo VAR B AN P R A AR A B A5 Lk
A7 MLSS Anammox JZ W R % 28 (1) 115, [ il
PR 4K (2) T

_pi(TN) = p(TN)

U/\n;]mmox - ’ ( 1 )
L Pyiss
, _pip(NO; =N) —py(NO; - N) (2)
e L * Puss '

R 2R R TR R R R
p(NH," = N) :p (NO, -N)=1: 1.02, A b KBk
MR A

_ pup(NOy = N) = 1.02 X p,u(NH; - N)

X
» Pjg—%(NO; -N)
100%. (3)
PRA R BT B R BRI DT A
E\ = En = Epy. (4)

2. TN, mg/L; NH," =N, mg/L; NO; -N, mg/L;

NO;_N’WL; t’ h;pMISS’ WL; U/\nammox ’ mg/(h : g) 5

v, mg/(h - g).
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Fig.1 Effect of organic carbon source on particle size
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Fig.2 Effect of organic carbon source on EPS content
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Fig.3 Effect of organic carbon source on sludge settling performance

ZE 1 S AV R AR 130 me/L B AT
PIHE B Anammox K7 15 U8 1Y UL F% 1k BE, sul
230 mg/ LU 25 8075 e TR RIUR AR 22
2.3 BAHNHMEMKEKENRZFSERRIERERF T

wE 4 i, R1FR2 2480t 2 d iE N, &
AR SRR EBRFH IR TE. R1 ) COD %
AT M B K 50 mg/L, B COD 4271, &
ROPA, BAMNERRERE BF, IFES 28 X,
COD N 110 mg/L Bf, R1 BYR A WA K ARy 2
R IR B B i, 43 98 90.3% ,91.0% il 83.4% , R1
Ay R LTS TR Tt 0.125 ke/ (kg + d) ;R2 MY
ROER VR 2B R 8 Bl i KIFF E 7E 85.6%,
86.6% Fl 78. 4% f& fi, B A L Bri5 e i far A
0.098 kg/ (kg - d) Z£4. R1 BB K ERBOR I BAL
F R2, W 2 i w A MU AE T, A R R H
FEB A (HIEL B AnAOB {1 (5 3= S HbAT , 2 i1k
F# NO,” =N & Jf 4 NO,” -N, Al i NO,” -N 5

NH, =N # AnAOB FIJ ], T4 & 1 B AR, X
55 [ N A X A AL DR SR SR A 1 R i AT ST —
2 (B R1 th COD Mt 110 mg/L B, RAE
BRI IR T B W2 R BRSNS, IRFFAE 91.0%
oA, BREBREZE TR, Y COD A 290 mg/L
I, ERE R TR 40.2% , BR EBRFE T B
63.8% , AR EBRIGIR T fr R4 0.082 kg/ (kg - d). A
FERFD S 2B I IR R R EA,
Hfli NS ERE TR ARSI a2 T2
AR AR POER , 5 AnAOB 354+ NO, -N,
#i75 AnAOB (it = J 7, B0 IR U2 R AL R 327 3
T, DT RREARR T B I 4 1 B R RIR
2.4 BHRIETRAKEERINGEEEED

R1 16 & #AE A DL A7 75 F i 17, COD
50 mg/L EFFHE] 110 mg/L B, SR EBR R 68.1%
T+ 83.4% ,COD 4R Z23 N E] 290 me/L i}, BA
EBRFR T %] 63.8%. 7£ COD Ky 110 mg/L B, A
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Fig.4 Effect of organic carbon source on nitrogen removal performance
&2 F[E COD TRAEMRBEEDT

Tab.2 Pathway analysis of total nitrogen removal under different COD

#EK/ (mg - L) BAEEBRTTERE %
COD/(mg - L") K Ay ik
HA WA FAE Ak RE& AL

41.0~1 062.5 167.8+78.1  228.7+154.5 14.90 85.1 T BB IR R [27]
290 80 84 22.52° 0 TAE ALK [15]

300 300 300 27.00 83.0 ARtk [10]

200 200 200 32.00 80.0 AT Rtk [10]

100 100 100 2.90 98.0 A THEK [10]

50 80 80 2.70 68.6 P NERLY/S A3

90 80 80 3.50 79.0 ATk 2SS

190 80 80 25.00 51.4 PNENIN AL

290 80 80 56.40 7.4 YNERLY/S A3

T EEBPRIAN BN 75 D) B8 B 1 T 1 4 0l e R
557,28 F163 KAF R1 ME T Anammox S %8}
FASAR R BB R T R2 B A WL TR, I A b1
FHELSS , i H R T Anammox W # R, f & 5 Al
%ﬂ,% 7 KB}, R1.R2 PAfy; MLSS A Anammox JZ
BRI 9.1 #18.3 mg/(h - g). HTF RIMAT
50 mg/L WA ML, B3 T Anammox J [, AnAOB
FITEPEDL T R2. &5 28 KA, R1 . R2 # Anammox 2
RS H 10.35 A1 9.25 mg/(h - g). i, R1
AN R R S 110 me/L, o5t 28 d H9IB4T,

R1 N AnAOB 975 PE B 5 55 T R2. 48 63 KA, R1,
R2 i Anammox V#5358 6 F19.25 me/ (h + ).
BB BC i s & A HLY , 145 R1 Y AnAOB
(3 M B G R2. 1Rt F I 5 7 g B R IR
A AT TR A A R RE IR IR S b
R T P L JoiE e A 8 ) 4 A U0 o) T R AR
SEAL TR E.

1M R1 SAE AT ) S BURTESS 7,28,63 KT
43514 0.36,0.82,4.8 mg/ (h - ). H S ASAL S
F COD By (50—110—210 mg/L) & i 14
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Fig.5 Effect of organic carbon source on reaction rate
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